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ABSTRACT 

Many engineering components contain key way , shoulders and grooves , also in terms of notches. When notch 
shaft loaded in tensile loading at this stages stress concentration is produced at the notch root area. In this studied use U 
and V shape double circumferential notch shaft. In this paper studied the stress and strain concentration in U and V 
shape double circumferential notch shaft by FEA investigation at axial loading. In this paper analysis of result 
comparison between U and V shape of notch bar at same loading condition. 
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INTRODUCTION 

In various engineering shaft use different grooves and notches like U shape, V shape, Plain shape. But in 
this studied use double circumferential notch shaft and use shape of notch is U shape and V shape. When the notch 
component is loaded axially, maximum stress and strain concentration occurs at notch root area. So, maximum and 
total deformation of notch shaft is maximum at notch root area. In this paper studied the stress-strain concentration 
effect on U and V shape notch bar at various axial loads. This result compare by FEA investigation. 

PROBLEM DEFINITION 

The problem under consideration is to investigate the interference effect of U shape notch and V shape 
notch shaft at various axial loading conditions by FEA analysis. 

The detail work is carried out with the help of FEA analysis software ANSIS 12. 

FEA INVESTIGATION 

A typical ANSYS analysis has three distinct steps: 

• Build the model. 

• Apply loads and obtain the solution. 

• Review the results. 

These steps are performed using pre-processing, solution and post-processing processors of the ANSYS 

program. 

Actually, the first step in an analysis is to determine which outputs are required as the result of the 
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analysis, since the number of the necessary inputs, analysis type and result viewing methods vary according to the required 
outputs. 

After determining the objectives of the analysis, the model is created in pre-processor. The next step, which is to 
apply loads, can be both performed in pre-processor or the solution processor. However, if multiple loading conditions are 
necessary for the required outputs and if it is also necessary to review the results of these different loading conditions 
together, solution processor must be selected for applying loads. The last step is to review the results of the analysis using 
post-processor, with numerical queries, graphs or contour plots according to the required outputs. 

• Specimen Geometries 
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Figure 1: Specimen Geometry 


The employed cylindrical bar with double circumferential U-notches is shown in Figure 1 The net-section 
diameter is denoted by d 0 (in mm), the gross diameter is denoted by D 0 (in mm), D o =50mm, 2L 0 = the un-notched length 
from the notch center to the loaded end, 21 0 = the notch pitch or the distance between the centers of the two notches. The 
specimen length is expressed as, Specimen length=2L 0 +21 0 The un-notched length is held constant, while the half notch 
pitch 1 0 is varied from 0.0 to 25 mm to examine the interference effect of the double circumferential U-notches. It should be 
noted that the notch angle y =0° represents the cylindrical bar with a circumferential U-notch, perpendicular to the axial 
direction. 

• B. FE Modeling 

The effect of notch parameters such as various loads on U shaped notches for axial loading is performed and 
investigation of stress distribution at notch surface is obtained by FEA (ANSYS 12). 

The output of FEA are used deriving the characteristic curves & comparative statistics of various notch loads as 
an attempt to set the standard load and notch selection for specific application in future. 

The effect on U shape notch at various loads such as 2500N, 5000N, 7500N, 10000N, 12500N and 15000N are 
observed for stress and strain distribution and check for stress concentration over the notch surface. The FE analysis for 
various loading condition are as follows: 

• Sample Results on U Shape Notch Bar 

Effect on U shaped notch at 2500N axial load. 

For notch depth 6mm, notched diameter 38mm and un-notched diameter 50mm, angle of notch inclination 0°, 
notch root radius 1.5mm and axial load 2500N, FEA steps and output are discuss as per following figures. 

In order to take the advantage of geometrical symmetry, modeling geometry is done as shown in Figure 2. And 
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Figure 3 gives the loading condition on geometry. The material of the specimen is considered as Structural Steel having 
S yt =S yc =2.5E+08Pa, S ut =4.6 E+08Pa, Density=7850kg/m 3 . 

FEA Results give complete idea of the interference effect of stress concentration and strain concentration. In 
Figure 4 FEA gives Equivalent Stress. From Figure 4, we can understand the concept of the stress concentration at the 
notch root. Also stress interference is occurred at the notched length of double circumferential inclined notched. In Figure 
5FEA gives Equivalent Strain which elaborates the concept of strain concentration at notch root and strain interference at 
notch length. 

Stress intensity is maximum at notch root and interference of stress intensity is occurred at the notched length. 
Figure 6 and Figure 7 shows the Maximum Principal Stress (MPa) and Maximum Principal Strain and both indicate the 
interference of same clearly and Figure 8 gives the total maximum deformation (in mm). 

Geometry 

Force 

1 5-Dec-1 5 1 0:36 PM 
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Figure 2: Model of Double U Notched Bar 


A: U-NOTCH ANALYSIS 

Static Structural 
Time: 1. s 

15-Dec-15 10:37 PM 
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Force: 2500. N 
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Figure 3: Load Applied 


A: U-NOTCH ANALYSIS 

Equivalent Stress 

Type: Equivalent (von-Mises) Stress 
Unit: MPa 
Time: 1 

1 5-Dec- 1 5 1 0:37 PM 
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Figure 4: Equivalent Stress 
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1 5-Dec- 1 5 1 0:37 PM 








Figure 5: Equivalent Strain 



1 5-Dec- 1 5 1 0:37 PM 
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Figure 6: Maximum Principal Stress 
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Figure 7: Maximum Principal Strain 



Figure 8: Total Deformations 

Sample Results on V Shape Notch Bar 
Effect on V Shaped No#tch at 2500N Axial Load 

For notch depth 6mm, notched diameter 38mm and un-notched diameter 50mm, angle of notch inclination 0°, 
notch root angle 105°, notch width 5mm and axial load 2500N,FEA steps and output are discuss as per following figures. 
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In order to take the advantage of geometrical symmetry, modeling geometry is done as shown in Figure 9 and 
Figure 10 gives the loading condition on geometry. The material of the specimen is considered as Structural Steel having 
S yt =S yc =2.5E+08Pa, S ut =4.6 E+08Pa, Density=7850kg/m 3 . 

FEA Results give complete idea of the interference effect of stress concentration and strain concentration. In 
Figure 11 FEA gives Equivalent Stress. From, Figure 11, we can understand the concept of the stress concentration at the 
notch root. In Figure 12 FEA gives Equivalent Strain which elaborates the concept of strain concentration at notch root and 
strain interference at notch length. 


Stress intensity is maximum at notch root and interference of stress intensity is occurred at the notched length. 
Figure 13 and Figure 14 shows the Maximum Principal Stress (MPa) and Maximum Principal Strain and both indicate the 
interference of same clearly and Figure 15 gives the total maximum deformation (in mm). 


Geometry 

Maximum Principal Stress 
1 6-Dec-1 5 8:05 AM 



50.00 


Figure 9: Model of Double V Notched Bar 


C: V-NOTCH ANALYSIS 

Static Structural 
Time: 1 . s 
1 6-Dec-1 5 8:05 AM 


Fixed Support 
Force: 2500. N 
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Figure 10: Load Applied 


C: V-NOTCH ANALYSIS 

Equivalent Stress 

Type: Equivalent (von-Mises) Stress 
Unit: MPa 
Time: 1 

1 6-Dec- 1 6 8:06 AM 
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Figure 11: Equivalent Stress 
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Figure 12: Equivalent Strain 






Figure 13: Maximum Principal Stress 
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Figure 14: Maximum Principal Strain 



Figure 15: Total Deformations 

From above sample FEA investigation of U and V shape notch bar studied the stress concentration at same load. 
Similarly different loads stress concentration results are comparing in the Table 1 and Figure 16 is as follows, 

Table 1: Comparison of U and V Shape Notch Shaft by FEA Analysis 


Force 

U-FEA 

V-FEA 

Difference 

(N) 

Max 

Principal 

Stress(Mpa) 

Max 

Principal 

Stress(Mpa) 

in stresses 
(Mpa) 

2500 

5.7402 

6.7447 

1.005 

5000 

11.48 

13.489 

2.009 
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Table 1: ContcL 


7500 

17.221 

20.234 

3.013 

10000 

22.961 

26.979 

4.018 

12500 

28.701 

33.723 

5.022 

15000 

34.441 

40.468 

6.027 



Figure 16: Comparison Stress Concentration of U and V 
Shape Notch Shaft by FEA Analysis 

From above Table land Figure shows the result comparison of stress concentration values between U and V shape 
notch bar. Figure 16 shows the graph of stress concentration value is maximum in V shape notch shaft at same loadings 
condition. Hence proved the U shape double circumferential notch bar is working safe compare to V shape double 
circumferential notch bar at same loading cases. 

CONCLUSIONS AND FUTURE ENHANCEMENT 


From above the investigation we studied that the stress and strain concentration is observed in U shape and V 
shape double circumferential notch at various axial loads. In this investigation maximum stress concentration value is 
observed at V shape notch root section. Hence, we studied U shape double circumferential notch bar is working safely 
compare to V shape double circumferential notch bar at same loading cases. 

In future experimental investigation of the same to validate the FEA results should be done. 
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